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(54) Variable rate forward power control for multichannel applications 



(57) Separate power control for the forward voice 
channel and forward data channel rs provided without 
using additional bandwidth or decreasing the amount of 
pilot signal provided from the mobile to the base station. 
Alternating voice and data power control commands or 
information are transmitted in the pilot channel by a mo- 
bile to a base station. In one embodiment, the power 
control portion of a first pilot channel segment is used 
to provide power control for the forward voice channel 



and then in the following pilot channel segment, the 
power control portion is used to provide power control 
for the forward data channel. I n othe r embodiments, oth- 
er than a 50/50 mix between voice and data power con- 
trol is provided in the mobile's pilot channel For exam- 
ple, forward voice channel power control commands 
may be transmitted two or more times for each trans- 
mission of forward data channel power control com- 
mands/ 
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Description 

Background of the Invention 
1. Field of the Invention 

[0001] The present invention relates to telecommuni- 
cations; more particularly, to transmit power control. 

Description of the Related Art 

[0002] FIG 1 illustrates base station 10 and mobile 
terminal 12 of a CDMA (Code Division Multiple Access) 
communication system. Base station 1 0 and mob.le ter- 
minal 12 communicate in the direction from base station 
10 to mobile terminal 1 2 overforward or downlink chan- 
nels 14 Mobile terminal 12 communicates with base 
station 1 0 using reverse or uplink channels 1 6. Forward 
link channels 14 may include separate channels lor 
voice data, a pilot signal, a dedicated control channel 
(DCCH) and other signals that provide control or over- 
head information. In a similar fashion, reverse channel 
16 may include a voice channel, a data channel, a pilot 
channel and a dedicated control channel (DCCH). De- 
pending on the type of communication going on, the 
voice channels may be omitted and data channels may 
be used or data channels may be omitted and voice 
channels may used, or both voice and data channels 
may be used. 

[0003] The amount of power used to transmit in the 
forward direction is adjusted to accountforsignal losses 
that may occur due to environmental conditions and/or 
signal fading that is a result of multiple paths between 
the base station and mobile. Mobile 12 monitors char- 
acteristics of the forward link such as overall power re- 
ceived or error rates. Based on the received power or 
the error rates, the mobile instructs base station 10 to 
either increase or decrease the amount of power used 
for transmission over the forward data and/or voice 
channels. For example, if the error rates are increasing 
or if they cross a threshold that was established when 
communications were initiated, the mobile instructs the 
base station to increase the power used for transm itting 
the forward voice and/or data channels. Similarly, if the 
mobile detects extremely low error rates, the mobile in- 
structs base station 10 to decrease the power used for 
transmitting the forward voice and data channels. When 
the base station receives the power control instructions 
from the mobile, the base station modifies the power 
used to transmit the forward voice and data channels 

accordingly. . . 

[0004] FIG 2 illustrates the pilot channel transmitted 

from mobile 12 to base station 10. The pilot channel is 
used by the mobile to transmit power control instructions 
to the base station. The pilot channel is broken into seg- 
ments or power control groups 20 of 1 .25 milliseconds 
in length. During portion or power control sub-channel 
22 of each of the 1.25 milliseconds segments, the pilot 



signal is replaced by a power control signal, bit or com- 
mand^). The power control signal simply tells the base 
station to increase or decrease the power used to trans- 
mitthe forward voice channel and forward data channel. 
5 The same power control information is used to control 
both the forward voice and data channels. This is ac- 
ceptable since both channels are transmitting into the 
same environment and will sufferthe same fluctuations 
due to the environment or fading. The remaining three- 
10 quarters of each 1 .25 milliseconds segment is used for 
transmitting the pilot signal which enables the base sta- 
tion to coherently demodulate signals from the mobile. 
[0005] FIG. 3 illustrates a mobile that is in a soft hand- 
off condition where signals are received from two base 
15 stations. In this situation mobile 12 is receiving voice and 
data channels and a pilot channel from base station 1 0 
and from base station 50. As was discussed with regard 
to FIG. 1, mobile 12 monitors the power and/or error 
rates associated with the voice and data signals and re- 
so quests base stations 1 0 and 50 to either increase or de- 
crease the power used to transmit voice and/or data on 
the forward link. In this situation, the mobile once again 
transmits power control commands as was described 
with regard to FIG. 2, and the same power control com- 
25 mand is provided to both base station 1 0 and base sta- 
tion 50. ... .,, 
[0006] FIG. 4 illustrates the situation where mobile yi 
is in a soft handoff condition receiving communications 
from base station 10 and base station 50. In this s.tua- 
30 tion mobile 12 is receiving a voice and data channel 
from base station 1 0, butonly a voice channelfrom base 
station 50. This situation might arise in a soft handoff 
where base station 50 does not have sufficient resourc- 
es available to provide both a voice and data channel to 
35 mobile 1 2, and therefore only provides a voice channel. 
Since this is an asymmetrical situation, the same power 
control information cannot be used to control both the 
voice and data forward channels. The voice and data 
are subjected to different fluctuations, the power control 
40 information derived from monitoring the vo.ce cannot be 
applied to data and vice versa. 



Summary of the Invention 

45 [0007] The present invention addresses the afore- 
mentioned problem by providing separate power control 
commands or information forthe forward voice and for- 
ward data channels without using additional bandwidth 
or demanding additional pilot power provided from the 

50 mobile to the base station. The present invention pro- 
vides alternating voice and data power control com- 
mands in the power control sub-channel of the pilot 
channel transmitted by mobile 12. In one embodiment 
the power control portion or subchannel of a first pilot 

55 channel segment or power control group is used to 
transmit power control information for the forward voice 
channel , and then in the following pilot channel segment 
or power control group, the power control portion orsub- 
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channel is used to transmit power control information for 
the forward data channel. In other embodiments, other 
than a 50/50 mix between voice and data power control 
is provided in the mobile's pilot channel. For example, 
forward voice channel power control commands may be 
transmitted two or more times for each transmission of 
forward data channel power control commands. 

Brief Description of the Drawings 

[0008] 

FIG. 1 illustrates a mobile communicating with the 
base station using voice and data channels; 
FIG. 2 illustrates a pilot channel with segments hav- 
ing power control portions; 

FIG. 3 illustrates a mobile in communication with 
two base stations using voice and data channels for 
both base stations; 

FIG. 4 illustrates a mobile in communication with 
two base stations where voice and data are used 
with one base station and voice is used without data 
for the second base station; 
FIG. 5 illustrates a pilot channel where the power 
control sub-channel or portion of every other power 
control group or segment is used to transmit power 
control commands for the same forward channel; 
FIG. 6 illustrates a pilot channel where three trans- 
missions of power control commands for a first for- 
ward channel are executed for each transmission 
of power control commands for a second forward 
channel; 

FIG. 7 is a table illustrating examples of power con- 
trol information transmission patterns; and 
FIG. 8 is a timeline illustrating the relationship be- 
tween communication channel initialization and the 
start of power control information transmission. 

Detailed Description of the Invention 

[0009] FIG. 5 illustrates a CDMA pilot control channel 
transmitted by mobile 12 to base stations, such as base 
stations 10 and 50. The pilot channel is divided into seg- 
ments or power control groups 60, 62, 64 and 66 which 
are, for example, 1.25 milliseconds long. Corresponding 
portions or power control sub-channels 22 of each seg- 
ment are used to transmit power control information or 
commands, portion 68 of segment 60 is used for power 
control, portion 70 of segment 62 is used for power con- 
trol, portion 72 of segment 64 is used for power control, 
and portion 74 of segment 66 is used for power control. 
In this example, the portions used for power control are 
one-fourth of a segment or PCG (power control group). 
It is also possible for the power control portions to be 
greater than or less than one-fourth of a segment. The 
remaining portion of each segment is used to transmit 
a pilot signal. For this example, power control portions 
of consecutive segments and/or PCGs are used in an 



alternating manner to provide voice and datapower con- 
trol commands for the forward channels. For example, 
portions 68 and 72 may be used to provide power control 
commands for the forward voice channel while portions 

5 70 and 74 may be used to provide power control for the 
forward data channel. As a result, separate power con- 
trol is provided for the forward voice and data channels 
without degrading the pilot signal provided by the mo- 
bile. FIG. 6 illustrates a pilot channel where separate 

10 power control is used for the forward voice and data 
channels. In this example, power control for the voice 
and data channels is not split equally. For every three 
power control transmissions for the voice channel, only 
one power control transmission is provided for the data 

'5 channel. Power control portions 80, 82 and 84 contain 
commands for forward voice power control and power 
control portion 86 contains power control commands for 
forward data channel power control. In a similar fashion 
power control portions 88, 90 and 92 are used for for- 

20 ward voice power control and portion 92 is used for for- 
ward data power control. This pattern repeats until, for 
example, the mobile receives new instructions from a 
base station, or until the voice or data channel is 
dropped. It is also possible to provide other combrna- 

25 tions of alternating powercontrol information. For exam- 
ple, three datapower control transmissions maybe pro- 
vided for each voice power control transmission, two 
voice power control transmissions may be provided for 
each data power control transmission, or two data powr 

30 er control transmissions may be provided for each voice 
power control transmission. Other patterns may be used 
based on the priority given to the power control of a par- 
ticular channel. A channel that has a high priority for 
power control is provided with more power control trans- 

35 missions or bandwidth than a channel with a lower pri- 
ority. FIG. 7 is a table that illustrates examples of pos- 
sible power control transmission patterns. 
[0010] It is also possible to provide power control for 
more than two forward channels, for example, power 

40 control may be provided for a voice channel, data chan- 
nel and video channel, or for a voice channel and more 
than one data channel. When more than one channel is 
controlled, the power control information for each chan- 
nel is transmitted, in an interleaved fashion, using the 

45 power control portion of the pilot channel segments. 
[0011] FIG. 8 is a timeline illustrating channel initiali- 
zation. When a communication channel is initialized, the 
base station sends a data burst assignment message 
to the mobile. This message includes setup information 

50 such as the Walsh code assigmnent(s) and the power 
control transmission pattern. After an action time spec- 
ified by the base station in the burst assignment mes- 
sage, the base station starts sending data on the as- 
signed Walsh channel. The mobile starts sending power 

55 control information according to the power control pat- 
tern at the first reverse link frame boundary transmitted 
by the mobile after the action time expires. The base 
station starts processing the power control information 
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at the first reverse link frame boundary after the action 
time expires. 



Claims 



A method for communicating power control informa- 
tion for at least two communication channels, com- 
prising the steps of: 
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transmitting power control information for afirst 
channel during a portion of afirst segment of a 
pilot channel, the first segment being one of a 
plurality of repeating segments; and 
transmitting power control information for a 15 
second channel during a corresponding portion 
of a second segment of the pilot channel, the 
second segment being one of the plurality of 
repeating segments. 

20 

2. The method of claim 1 , further comprising the step 
of alternating between the transmission of power 
control information for the first channel and the 
transmission of power control information for the 
second channel. 25 

3. The method of claim 1 , further comprising the step 
of transmitting power control information for a third 
channel during a corresponding portion of a third 
segment of the pilot channel, the third segment be- 30 
ing one of the plurality of repeating segments. 

4. The method of claim 1 , wherein power control infor- 
mation for the first channel is transmitted more than 
once for each transmission of power control infor- 35 
mation for the second channel. 

5. The method of claim 1 , wherein the first channel is 
a voice channel. 

40 

6. The method of claim 5, wherein the second channel 
is a data channel. 

7. The method of claim 1, wherein the first channel is 

a data channel. 45 

8. The method of claim 1 , wherein the first channel is 
a video channel. 
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FIG. 4 
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FIG. 7 



CONFIGURATION NAME 



V50D750 



VIO0D700 



V150 0650 



V200 D600 



POO CONTROL BIT PATTERN (EXAMPLE) 



VDDO ODOO DODO DODD 



VDDO ODOO VDDO DDDD 



VDOD VDDO VDDD VDDO 



V250 D550 



V = VOICE V300 0500 



D = DATA V35OD450 
V4O0 04O0 



VDVD VDOD VDVD VDDD 



VDVD VDVD VDVD VDVD 



V750 D50 



VOW VOW VDW vow 
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